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THERMALLY EXPANDABLE MATERIAL, 
METHOD FOR PRODUCING THE SAME AND 
SOUNDPROOF SHEET FOR AUTOMOBILE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a thermally 
expandable material, and more particularly to a sponge-like 
material Which expands by a heating operation to increase its 
thickness. The invention further relates to a method for 
producing the above-mentioned thermally expandable mate 
rial, and a soundproof cover for an automobile as its 
preferred use. 

BACKGROUND OF THE INVENTION 

[0002] For ?uid sealing of joints, soundproo?ng and heat 
insulation in architectural structures, industrial instruments 
and automobiles, various foam materials such as urethane 
foams and liquid curable sealing materials such as silicone 
sealants have Widely been used. In order to exhibit the 
sufficient performances of ?uid sealing, soundproo?ng and 
heat insulation, it is necessary to ?ll in joint gaps of 
structures With these materials. 

[0003] HoWever, according to the liquid curable sealing 
material such as a silicone sealant, the liquid material is 
poured into the gap, and cured by chemical reaction or 
evaporation of a volatile material such as a solvent to ?ll in 
the gap. It has therefore the problem that a long period of 
time is required for a sealing operation and further for curing 
of the material itself. 

[0004] On the other hand, a conventional foam material is 
mounted in a compressed state to a desired site, and the joint 
gap is ?lled in With the foam material by thickness recovery 
due to the elastic force of the material itself. HoWever, the 
conventional foam material is restored. momentarily When 
the pressure is released. It is therefore necessary to mount 
the foam material or an assembly using the foam material to 
a portion necessary for ?uid sealing, soundproo?ng and heat 
insulation While keeping a state Withstanding the restoring 
force of the foam material in the compressed state. Accord 
ingly, the conventional foam material has the problem that 
Workability for mounting the foam material is extremely 
deteriorated. When the foam material is made thin, the 
Workability for mounting the foam material is improved. 
HoWever, the performances of ?uid sealing, soundproo?ng 
and heat insulation become insufficient because of the 
development of a gap. Further, a soft foam material is used 
to reduce the restoring force of the foam material in the 
compressed state, thereby being able to improve the Work 
ability to some degree. HoWever, the Workability is not 
sufficient. Moreover, the foam material having loW restoring 
force also has the problem that the performance of ?uid 
sealing is poor. 

[0005] As described above, the performances of ?uid 
sealing, soundproo?ng and heat insulation are incompatible 
With the mounting properties, so that a sealing material 
satisfying the respective characteristics has been demanded. 

[0006] Against such a background, a thermally expand 
able material is used in Which a resin composition contain 
ing a thermoplastic resin foamable by heat is arranged in a 
seal portion, and the seal portion is heated, thereby foaming 
the resin to block a gap (see Patent Document 1). As a 
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similar thermally expandable material, one containing a 
resin and a rubber is in heavy usage. HoWever, it is necessary 
to thoroughly mix the resin and the rubber, so that there is 
the problem that the production process becomes compli 
cated. 

[0007] HoWever, the conventional thermally expandable 
materials made of resins are insuf?cient in the performance 
of maintaining the compressed state, and it has been difficult 
to store them in the compressed state for a long period of 
time. Besides, they are lacking in the amount of expansion, 
and insuf?cient also in terms of the sealing performance and 
the soundproo?ng performance. 

[0008] Further, a sealing material comprising a foamable 
material has also been developed. For example, using a 
non-crosslinked foamable rubber composition as a sealing 
material, the composition is crosslinked and foamed by heat 
to block a gap. HoWever, a high-temperature atmosphere of 
about 150° C. or more is generally required for crosslinking 
and foaming. Further, the non-crosslinked rubber composi 
tion has adhesion, so that it has the problem that handling 
properties are poor, Which causes the difficulty of mounting 
it to a desired portion. Furthermore, the non-crosslinked 
foamable rubber composition is scorched during storage, 
and crosslinking and foaming sometimes become impos 
sible When needed. 

[0009] There has also been knoWn a sealing material for 
?lling in a gap by compressing an elastic synthetic resin 
sponge impregnated With a viscous resinous composition, 
and restoring the compressed sponge by use of temporal 
recovery history (for example, see Patent Document 2). 
HoWever, this requires a complicated process of the impreg 
nation With the viscous resinous composition, resulting in 
high cost. 

[0010] Further, a shape recovery foam comprising a 
closed-cell cellular resin foam has been introduced (for 
example, see Patent Document 3). HoWever, this foam 
requires a time as long as tens of days for shape recovery, so 
that it has the problem that the suf?cient functions of ?uid 
sealing, soundproo?ng, heat insulation, etc. are not imme 
diately developed. 

[0011] In addition, there have been knoWn a thermally 
expandable sealing material obtained by compounding a 
core material comprising a thermoplastic resin and a clad 
ding comprising a crosslinkable polymer (for example, see 
Patent Document 4), and a thermally expandable tube com 
prising a mixture of a thermoplastic resin and a crosslinkable 
rubber (for example, see Patent Document 5 and Patent 
Document 6). As for these sealing materials, the length in a 
plane direction decreases, When they are expanded in a 
thickness direction. Accordingly, there is a fear that a gap is 
developed to impair sealing properties. Further, the above 
mentioned thermally expandable sealing materials also have 
the problem that a special equipment such as a tWo-layer 
extruder is required. 

[0012] Further, there have also been knoWn a shape 
memory urethane polymer foam (for example, see Patent 
Document 7), and a shape-memory cured rubber formed 
body obtained by blending a resin such as a polyole?n With 
a rubber (for example, see Patent Documents 8, 9, 10, 11 and 
12). Furthermore, it has been knoW that polynorbornene or 
a styrene-butadiene copolymer becomes a shape-memory 
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polymer. A thermally expandable material Which expands in 
a sponge form by heating to increase its thickness can be 
obtained by producing a sponge using each of these raW 
materials, compressing it, and further ?xing the shape as it 
is in the compressed state (for example, see Patent Docu 
ment 13). Further, a shape-memory foam in Which a resin is 
blended With a rubber (for example, see Patent Document 
14) has been introduced. HoWever, These are all insuf?cient 
in the performance of maintaining the compressed state, so 
that it is dif?cult to store them in the compressed state for a 
long period of time. Further, these are insufficient in the 
thermal expansion characteristics of rapidly expanding at a 
speci?c temperature. 

[0013] Patent Document 1: JP 57-17698 B 

[0014] Patent Document 2: JP 48-1903 B 

[0015] Patent Document 3: JP 10-110059 B 

[0016] Patent Document 4: JP 56-163181 A 

[0017] Patent Document 5: JP 52-146482 A 

[0018] Patent Document 6: JP 53-78282 A 

[0019] Patent Document 7: JP 7-39506 B 

[0020] Patent Document 8: JP 9-309986 A 

[0021] Patent Document 9: JP 2000-191847 A 

[0022] Patent Document 10: JP 2000-217191 A 

[0023] Patent Document 11: JP 2001-40144 A 

[0024] Patent Document 12: JP 2002-12707 A 

[0025] Patent Document 13: JP 8-199080 A 

[0026] Patent Document 14: JP 2000-1558 A 

SUMMARY OF THE INVENTION 

[0027] As described above, no sealing material satisfying 
various characteristics such as sealing properties, heat insu 
lation and soundproo?ng, and mounting properties at the 
same time has hitherto been obtained. 

[0028] It is therefore an object of the invention to provide 
a thermally expandable material requiring only heating, that 
is, excellent in mounting properties and largely increasing in 
thickness by heating to shoW excellent sealing properties, 
heat insulation, soundproo?ng, etc. 

[0029] Another object of the invention is to provide a 
thermally expandable material made of a resin, easily pro 
duced, capable of maintaining the compressed state for a 
long period of time, large in the amount of expansion by 
heating, and excellent in the sealing performance and the 
soundproo?ng performance. 
[0030] A still other object of the invention is to provide a 
method for producing such a thermally expandable material, 
and a soundproof cover for an automobile engine, Which is 
excellent in the soundproo?ng performance. 

[0031] Other objects and effects of the invention Will 
become apparent from the folloWing description. 

[0032] As a result of extensive studies, the present inven 
tors found that a thermally expandable material Which 
expands by a heating operation to increase its thickness is 
obtained by heating and compressing a foam obtained by 
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crosslinking and foaming a composition containing (a) a 
crosslinkable polymer material and (b) a crystalline thermo 
plastic resin having oxygen in its molecule, then, cooling it 
in a compressed state, and releasing the pressure. 

[0033] Further, the inventors found that a thermally 
expandable material largely improved in the performance of 
maintaining a compressed state and in the amount of expan 
sion by heating is obtained by using a crosslinkable ther 
moplastic resin. 

[0034] Furthermore, the inventors found that a soundproof 
cover for an automobile engine, Which is excellent in 
mounting properties and the soundproo?ng performance, is 
obtained by using such a thermally expandable material for 
the cover. 

[0035] That is, the above-described objects of the inven 
tion have been achieved by providing the folloWings. 

[0036] In a ?rst aspect of the present invention (hereinafter 
referred to as “?rst invention”), the invention provides: 

[0037] A thermally expandable material comprising a 
foam composition containing: 

[0038] 100 parts by Weight of (a) a crosslinkable 
polymer material; and 

[0039] 5 to 300 parts by Weight of (b) a crystalline 
thermoplastic resin having oxygen in its molecule; 
and 

[0040] A method for producing a thermally expandable 
material, Which comprises: 

[0041] forming, into a predetermined shape, a foam 
composition comprising: 

[0042] 100 parts by Weight of (a) a crosslinkable 
polymer material; and 

[0043] 5 to 300 parts by Weight of (b) a crystalline 
thermoplastic resin having oxygen in its molecule; 

[0044] alloWing the resulting formed product to 
undergo crosslinking and foaming; 

[0045] heating and compressing the resulting foam at 
a temperature equal to or higher than a melting point 
of the crystalline thermoplastic resin (b); and 

[0046] cooling the compressed product to a tempera 
ture loWer than the melting point of the crystalline 
thermoplastic resin (b) as it is compressed. 

[0047] In a second aspect of the present invention (here 
inafter referred to as “second invention”), the invention 
provides: 
[0048] A foam composition for obtaining a thermally 
expandable material that is expandable by heat from a 
compressed state, the composition comprising a crystalline 
thermoplastic resin formed in a predetermined shape and 
crosslinked; and 

[0049] A method for producing a thermally expandable 
material that is expandable by heat from a compressed state, 
Which comprises: 

[0050] forming, in a predetermined shape, a foam 
composition comprising a crosslinkable crystalline 
thermoplastic resin; 
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[0051] crosslinking and foaming the resulting formed 
product; 

[0052] heating and compressing the resulting foam at 
a temperature equal to or higher than a melting point 
of the crosslinkable crystalline thermoplastic resin; 
and 

[0053] cooling it to a temperature loWer than the 
melting point of the crosslinkable crystalline ther 
moplastic resin as it is compressed. 

[0054] Furthermore, the present invention (i.e., in both ?st 
and second aspect of the invention) provides a soundproof 
cover for an automobile, Which comprises a joint material 
comprising the thermally expandable material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] FIG. 1 is a schematic perspective vieW shoWing 
one embodiment of an engine soundproof cover (for a V 
type engine). 

[0056] FIG. 2 is a schematic vieW for illustrating a 
mounted state (before heating) of the engine soundproof 
cover shoWn in FIG. 1 to an engine. 

[0057] FIG. 3 is a schematic vieW for illustrating a 
mounted state (after heating) of the engine soundproof cover 
shoWn in FIG. 1 to an engine. 

[0058] FIG. 4 is a schematic vieW shoWing a thickness 
measuring device used in Examples. 

[0059] FIG. 5 is a graph shoWing the relationships 
betWeen the temperature and the thickness of respective test 
pieces of Examples 1A to 3A. 

[0060] FIG. 6 is a graph shoWing the relationships 
betWeen the temperature and the thickness of respective test 
pieces of Examples 4A to 6A. 

[0061] FIG. 7 is a graph shoWing the relationships 
betWeen the temperature and the thickness of respective test 
pieces of Comparative Examples 1A to 3A. 

[0062] FIG. 8 is a graph shoWing the relationships 
betWeen the temperature and the thickness of respective test 
pieces of Comparative Examples 4A and 5A. 

[0063] FIG. 9 is a graph shoWing the relationships 
betWeen the temperature and the thickness at the time When 
respective test pieces in Examples and Comparative 
Examples thermally expand. 
[0064] FIG. 10 is a graph shoWing the relationships 
betWeen the time and the thickness at the time When respec 
tive test pieces in Example and Comparative Example are 
alloWed to stand at room temperature. 

[0065] FIG. 11 is a schematic diagram for illustrating an 
expansion mechanism of a thermally expandable material of 
the invention. 

[0066] The reference numerals used in the draWings rep 
resent the folloWings, respectively. 

[0067] 
[0068] 
[0069] 
[0070] 

10: Engine Soundproof Cover 

11: Cover Body 

12: Foam Material 

13: Intake Manifold 
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[0071] 14: Intake Collector 

[0072] 15: Fastening Holes 

[0073] 20: Engine 

[0074] 21: Thermally Expandable Material 

[0075] 41: Laser Displacement Gauge 

[0076] 42: Cylindrical Furnace 

[0077] 43: Test Piece 

[0078] 44: Thermocouple 

[0079] 45: Laser Beam 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0080] The ?rst invention Will be described in detail 
beloW. 

[0081] The thermally expandable material of the ?rst 
invention is produced using as a starting material a foam 
composition containing (a) a crosslinkable polymer material 
(hereinafter also referred to simply as a “polymer material 
(a)”) and (b) a crystalline thermoplastic resin having oxygen 
in its molecule (hereinafter also referred to simply as a 
“thermoplastic resin (b)”) as indispensable components, and 
further containing additives used in a general polymer 
material, such as a crosslinking agent, a crosslinking accel 
erator, a crosslinking assistant, a foaming agent, a ?ller, a 
processing aid, a softening agent, an antioxidant and a 
coloring agent, as needed. The foam composition is obtained 
using a mixing apparatus used in mixing of a general knoWn 
polymer material. For example, a rubber kneading roll, a 
double-screW extruder, a single-screW extruder, a Banbury 
mixer, a pressure kneader or the like may be used, but the 
mixing apparatus is not limited thereto. Mixing of the 
thermoplastic resin (b) While fusing it by heating during 
mixing is preferred, because the dispersion of the crosslink 
able polymer material (a) proceeds, and the mixed compo 
sition can be easily obtained. Further, the crosslinkable 
polymer material (a), the thermoplastic resin (b) and various 
additives may be dissolved or dispersed in an appropriate 
medium to a liquid state, and mixed in the liquid state. 

[0082] Then, the above-mentioned foam composition is 
formed With an appropriate forming apparatus, and 
crosslinked and foamed to obtain a foam. When the 
crosslinking agent such as sulfur or a peroxide is used in 
crosslinking, the foam composition is crosslinked by heat 
ing. When a chemical foaming agent is used as the foaming 
agent, the foam composition is also similarly foamed by 
heating. Further, When the crosslinking agent and the chemi 
cal foaming agent are used together, crosslinking and foam 
ing occur at the same time by heating. This is preferred as 
a method for preparing the foam in the ?rst invention. The 
forming apparatus include a press, an extruder, a calender 
roll, etc., but the ?rst invention should not be construed as 
being limited by the kind of forming apparatus. Further, in 
heating, a hot-air heating furnace, a glass beads ?uidiZed 
bed, a molten salt tank, a hot press, a high-frequency heater 
or the like can be used. It is also possible to use them in 
combination. The heating temperature is preferably from 
150 to 250° C., and more preferably from 170 to 220° C. 
When the heating temperature is loWer than 150° C., a long 
period of time is required for crosslinking and foaming. 
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When the temperature is higher than 250° C., the foam 
composition deteriorates in some cases. 

[0083] The bulk density of the foam is preferably from 10 
kg/m? to less than 1,000 kg/M3, more preferably from 20 
kg/m to less than 500 kg/m3, and still more preferably from 
50 kg/m3 to less than 300 kg/m3. When the bulk density 
exceeds 1,000 kg/m3, it becomes dif?cult to compress the 
foam, and the difference in thickness betWeen before and 
after thermal expansion becomes small, Which makes it 
dif?cult to suf?ciently block the gap. Further, the foam 
becomes hard to pose a problem With regard to shape 
retaining properties. On the other hand, When the bulk 
density is less than 10 kg/m3, the strength of the foam is 
decreased, and the foam becomes too soft, resulting in 
insuf?cient thermal expansion properties. 

[0084] The expansion ratio of the foam can be set by the 
amount of the foaming agent added, When the chemical 
foaming agent is used. When the amount of the chemical 
foaming agent is increased, the expansion ration becomes 
high. On the other hand, When it is decreased, the expansion 
ratio becomes loW. Further, the expansion ratio can also be 
set by the viscosity of the composition in a non-foamed 
state. LoWered viscosity results in high expansion ratio, 
Whereas elevated viscosity results in loW expansion ratio. 
Accordingly, the above-mentioned expansion ratio can be 
obtained by adjusting the amount of the foaming agent 
added or the viscosity of the composition in a non-foamed 
state. 

[0085] Then, the above-mentioned foam is heated at a 
temperature equal to or higher than a melting point of the 
thermoplastic resin (b), for example, Within the range of 80 
to 200° C., and compressed so as to give a speci?ed 
thickness. After keeping for a speci?ed period of time, it is 
cooled to a temperature loWer than a melting point of the 
thermoplastic resin (b), for example, to 25 to 80° C., 
preferably to room temperature, as it is kept in the com 
pressed state, and the pressure is released, thereby obtaining 
the thermally expandable material of the ?rst invention. In 
order to obtain the excellent respective performances of ?uid 
sealing, soundproo?ng and heat insulation at a treated site, 
the amount of compression is preferably half or less of the 
thickness of the foam before compression. 

[0086] In the above-mentioned sequence of compressing 
operations, for example, the foam may be compressed by 
heating With a hot press, and cooled in the compressed state. 
Further, the foam may be heated in a hot-air heating furnace, 
compressed With a press immediately after it has been taken 
out of the hot-air heating furnace, and cooled. In order to 
compress the foam, a Weight may be placed thereon Without 
using the press. Further, for continuous production, the foam 
may be compressed by heating With a hot roll, using a 
calender roll, and cooled With a cold roll as it is compressed. 
Furthermore, When crosslinking or foaming is carried out by 
heating, the foam may be compressed and cooled With a cold 
roll immediately after it has been heated utiliZing heating in 
crosslinking or foaming. The compressing operations are not 
limited thereto, and any method can be employed, as long as 
the foam can be compressed by heating and cooled in the 
compressed state. Further, the foam may be cooled before 
the temperature of the foam crosslinked and foamed by 
heating falls, Without conducting the heating operation after 
the preparation of the foam. 
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[0087] The foam can take any shape after compression. 
For example, When the foam is compressed With a ?at plate, 
a sheet-like thermally expandable material is obtained. 
When the foam is compressed With a plate having a surface 
?nish such as embossing, a surface shape thereof is trans 
ferred to the thermally expandable material. Further, a site to 
be compressed may be any, and either the Whole surface or 
only a part of the foam may be compressed. 

[0088] The thermally expandable material of the ?rst 
invention thus obtained maintains the compressed state at 
room temperature, and released from the compressed state 
by heating to expand. Accordingly, the thermally expandable 
material of the ?rst invention has respective mechanisms for 
the shape-retaining properties and the thermal expansion 
properties. Although the ?rst invention is not limited by a 
speci?c theory, the inventors presume that the shape-retain 
ing properties and the thermal expansion properties are 
developed by the folloWing mechanisms. 
[0089] In the foam containing the crosslinkable polymer 
material (a) and the thermoplastic resin (b), the force of 
restoring the thickness acts by the elasticity of the crosslink 
able polymer material (a), so that a shape-retaining force 
equal to or more than the restoring force is required in order 
to develop the shape-retaining properties. On the other hand, 
the thermoplastic resin (b) is softened on heating to decrease 
rigidity, to a liquid state depending on the circumstances. In 
such a state, it is possible to deform the foam by a loW stress. 
Further, the foam is cooled in a deformed state to form a 
hardened product, thereby increasing rigidity, Which makes 
it possible to keep the deformed shape. Accordingly, When 
the foam containing the thermoplastic resin (b) is cooled as 
it is compressed by heating, the foam tends to restore the 
thickness by its elastic restoring force. HoWever, the com 
pressed state is maintained by the hardened thermoplastic 
resin (b) to develop the shape-retaining properties. 
[0090] The thermally expandable material shape-retained 
in the above-mentioned compressed state has a shape 
retaining force higher than the restoring force at room 
temperature. Accordingly, When the restoring force exceeds 
the shape-retaining force, the thermal expansion restoring 
properties based on the restoring force is developed. For that 
purpose, it becomes an effective means to decrease the 
shape-retaining force, and in the thermally expandable mate 
rial of the ?rst invention, the shape-retaining force is 
decreased by application of heat. As described above, the 
thermoplastic resin (b) is softened on heating, and it 
becomes possible to deform the foam by a loW stress. 
Accordingly, the hardened product of the thermoplastic resin 
is softened by heating to decrease rigidity, thereby loWering 
the shape-retaining force. On the other hand, the crosslink 
able polymer material (a) is crosslinked in the shape of the 
foam, and the force acts Which tends to recover to the shape 
of the foam by elastic restoration. With heating of the 
thermally expandable material, the elastic restoring force 
comes to exceed the shape-retaining force. As a result, the 
compressed state is released to develop the thermal expan 
sion properties. 
[0091] The mechanisms for developing the shape-retain 
ing properties and the thermal expansion properties of the 
thermally expandable material of the ?rst invention are as 
described above. 

[0092] Further, in the ?rst invention, the thermoplastic 
resin (b) is crystalline. According to an amorphous thermo 
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plastic resin, rapid thermal expansion at a speci?c tempera 
ture does not occur. The inventors consider the reason for 
this as follows. 

[0093] When the thermoplastic resin is higher in rigidity at 
a temperature around room temperature at Which the shape 
retaining properties are developed, and loWer in thermal 
expansion at a high temperature at Which the thermal 
expansion properties are developed, the thermally expand 
able material good in both the shape-retaining properties and 
the thermal expansion properties is obtained. The thermo 
plastic resin gradually decreased in rigidity With a rise in 
temperature is very sloWly restored in a temperature region 
in Which the rigidity is decreased, so tat the resin can not 
block the gap immediately, and it is also difficult to store the 
resin in the compressed state. As the thermoplastic resin, one 
rapidly decreased in rigidity at a speci?c temperature to be 
?uidized is preferred, because the thermally expandable 
material having a Wide storable temperature region in Which 
the shape-retaining properties are developed and a Wide 
thermally expandable temperature region in Which the gap 
can be immediately blocked is obtained. The thermoplastic 
resins include a crystalline resin and an amorphous resin. Of 
these, the crystalline thermoplastic resin is rapidly softened 
in a temperature region equal to or higher than the melting 
point thereof, and mostly ?uidized. In contrast, the amor 
phous resin is softened at a temperature equal to or higher 
than the glass transition temperature thereof, but rapid 
softening as observed in the melting point of the crystalline 
resin does not occur. Accordingly, the crystalline thermo 
plastic resin is preferred as the thermoplastic resin of the ?rst 
invention. The amorphous resin such as an acrylic resin or 
polystyrene can not provide the thermally expandable mate 
rial excellent in both the shape-retaining properties and the 
thermal expansion properties, and shoWs the behavior of 
sloWly expanding in a Wide temperature region. It becomes 
therefore impossible to block the gap immediately by heat 
ing, and a problem is practically encountered as the ther 
mally expandable material. 

[0094] The reason Why it is presumed that the thermally 
expandable material Which rapidly thermally expands at a 
speci?c temperature is obtained by using the crystalline 
thermoplastic resin (b) is as described above. HoWever, the 
?rst invention should not be construed as being limited to 
this theory. 

[0095] Further, the thermoplastic resin (b) has oxygen in 
its molecule. In a thermoplastic resin having no oxygen in its 
molecule, rapid thermal expansion at a speci?c temperature 
does not occur. The inventors consider the reason for this as 
folloWs. 

[0096] In the thermally expandable material of the ?rst 
invention, a part of the thermoplastic resin (b) exists on a cell 
Wall surface of the foam. The thermoplastic resin (b) on the 
cell Wall surface of the foam acts as an adhesive, and adheres 
to the crosslinkable polymer material (a) or the thermoplas 
tic resin (b) on an opposite cell Wall in the same cell, 
Whereby it becomes possible to maintain a state in Which 
respective cells are compressed, that is, a shape in Which the 
Whole foam is compressed. 

[0097] The thermoplastic resin (b) acting as the adhesive 
is activated in molecular movement by heating, and rapidly 
loses adhesive force at a temperature equal to or higher than 
the melting point. Accordingly, as the thermoplastic resin 
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(b), it is necessary to use a resin having high adhesion in a 
temperature region loWer than a temperature at Which ther 
mal expansion occurs. In general, the thermoplastic resin 
having higher surface energy is better in adhesion. The 
thermoplastic resin having oxygen in its molecule has high 
surface energy and good adhesion, compared to the thermo 
plastic resin having no oxygen in its molecule. Accordingly, 
in the ?rst invention, it is necessary to use the thermoplastic 
resin (b) having oxygen in its molecule. When a polyole?n 
represented by polyethylene or polypropylene, Which is a 
thermoplastic resin having no oxygen in its molecule, is used 
in place of the thermoplastic resin having oxygen, a problem 
is encountered With regard to the shape-retaining properties. 
Before the occurrence of a rapid increase in thickness caused 
by crystal fusion of the crystalline resin acting as the 
adhesive, the adhesion of the cell Walls is released because 
of its Weak adhesive force, thus shoWing the behavior of 
sloWly increasing the thickness in a Wide temperature 
region. It becomes therefore impossible to block the gap 
immediately by heating, and a problem is practically 
encountered as the thermally expandable material. On the 
other hand, the crystalline thermoplastic resin (b) having 
oxygen in its molecule has good shape-retaining properties, 
and provides the thermally expandable material Which rap 
idly thermally expands at a speci?c temperature. 

[0098] The reason Why it is presumed that the thermally 
expandable material Which rapidly thermally expands at a 
speci?c temperature is obtained by using the thermoplastic 
resin (b) having oxygen in its molecule is as described 
above. HoWever, the ?rst invention should not be construed 
as being limited to this theory. 

[0099] Speci?c examples of each material usable in the 
?rst invention are shoWn beloW. 

[0100] Examples of the thermoplastic resins (b) usable in 
the ?rst invention include but are not limited to an ethylene 
vinyl acetate copolymer, an ethylene-acrylic acid copoly 
mer, an ethylene-vinyl alcohol copolymer, polybutylene 
succinate, polyethylene terephthalate, polyethylene naph 
thalate, polylactic acid, polycaprolactone, a polyamide, a 
polyester-based thermoplastic elastomer, a polyamide-based 
thermoplastic elastomer, a thermoplastic polyurethane, 
polyhydroxybutylate, polyvinyl alcohol, an ionomer, etc. 
Further, resins obtained by copolymeriZing another mono 
mer With these or resins obtained by grafting another oli 
gomer to these can also be used. Furthermore, the thermo 
plastic resins (b) can also be crosslinked in small amounts. 
In this case, the crosslinkable polymer material (a) is 
required to have a higher crosslinking density than the 
thermoplastic resins 

[0101] As the thermoplastic resins (b), the ethylene-vinyl 
acetate copolymer is particularly preferred, because raW 
materials therefor are inexpensive, and the copolymer is 
easily available and has an appropriate temperature region of 
about 50° C. to about 100° C. in melting point. Further, 
When this copolymer is used, the thermally expandable 
material excellent in both the shape-retaining characteristics 
and the thermal expansion characteristics is obtained. 

[0102] On the other hand, as the polymer materials (a), 
there can be used various rubber materials, thermoplastic 
resins or thermosetting resins. Examples thereof include but 
are not limited to various rubber materials such as natural 

rubber, IIR (butyl rubber), CR (chloroprene rubber), SBR 
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(styrene rubber), NBR (nitrile rubber), HNBR (hydroge 
nated nitrile rubber), EPDM (ethylene-propylene-diene 
copolymer rubber), EPM (ethylene-propylene copolymer 
rubber), silicone rubber, ?uorosilicone rubber, ?uororubber, 
acrylic rubber, epichlorohydrin rubber, polyether rubber and 
polysul?de rubber, various thermoplastic resins such as a 
polyether, polyethylene, a polyamide and a polyester, and 
various thermosetting resins such as a phenol resin and an 
epoxy resin. Further, materials obtained by copolymeriZing 
another monomer With these can also be used. 

[0103] Particularly, When the rubber material is used as the 
polymer material (a), the thermally expandable material 
Which is ?exible and excellent in both the shape-retaining 
characteristics and the thermal expansion characteristics is 
preferably obtained. Of the rubber materials, the ethylene 
propylene-diene copolymer rubber is preferred, because of 
easy crosslinking and a good balance betWeen cost and heat 
resistance. The nitrile rubber is preferred, because of easy 
crosslinking and a good balance betWeen cost and oil 
resistance. Accordingly, the ethylene-propylene-diene 
copolymer rubber is preferably used for an application 
requiring the heat resistance, and the nitrile rubber is pref 
erably used for an application requiring the oil resistance. 
For an application requiring both the heat resistance and the 
oil resistance, the ?uororubber, the acrylic rubber, the hydro 
genated nitrile rubber, the ?uorosilicone rubber, etc. are 
preferably used, although the cost rises. The kind of rubber 
material used may be appropriately selected depending on 
its application. 

[0104] When the compounding ratio of the polymer mate 
rial (a) in the foam composition is high, thermal expansion 
becomes easy to occur by the elasticity of the polymer 
material (a). HoWever, a problem is encountered With regard 
to the shape-retaining properties in some cases. On the other 
hand, When the compounding ratio of the thermoplastic resin 
(b) increases, the shape-retaining properties are improved, 
but a problem is encountered With regard to the thermal 
expansion properties in some cases. Accordingly, in the ?rst 
invention, it is necessary to select a proper compounding 
ratio of the thermoplastic resin (b) to the polymer material 
(a). Speci?cally, the thermoplastic resin (b) is incorporated 
preferably in an amount of 5 to 300 parts by Weight, more 
preferably in an amount of 10 to 200 parts by Weight, and 
still more preferably in an amount of 20 to 100 parts by 
Weight, based on 100 parts by Weight of the polymer 
material (a). When the compounding ratio of the thermo 
plastic resin is less then 5 parts by Weight, a problem is 
encountered With regard to the shape-retaining properties. 
When it exceeds 500 parts by Weight, a problem is encoun 
tered With regard to the thermal expansion properties. 

[0105] In the ?rst invention, the polymer material (a) is 
required to be crosslinked by any proper method. For 
example, a crosslinking agent may be added to the foam 
composition. The nitrile rubber or the ethylene-propylene 
diene copolymer rubber can be crosslinked, for example, 
using a knoWn compound such as sulfur, a sulfur compound 
or a peroxide. The sulfur compounds include but are not 
limited to, for example, compounds releasing active sulfur at 
high temperatures such as di-2-benZothiaZolyl disul?de, 
tetramethylthiuram disul?de, tetraethylthiuram disul?de, 
tetrabutylthiuram disul?de, tetrakis(2-ethylhexyl)thiuram 
disul?de, dipentamethylenethiuram tetrasul?de and 4,4‘ 
dithiodimorpholine. The peroxides include but are not lim 
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ited to, for example, benZoyl peroxide, 1,1-bis(t-butylper 
oxy)-3,3,5-trimethyl-cyclohexane, 1,1-bis(t 
butylperoxy)cyclodecane, n-butyl-4,4-bis(t 
butylperoxy)valerate, dicumyl peroxide, t-butyl 
peroxybenZoate, di-t-butyl peroxide, ot,ot‘-bis(t-butylper 
oxy)diisopropylbenZene, 2,5-dimethyl-2,5-di(t-butylper 
oxy)hexane, 2,5-dimethyl-2,5-di(t-butylperoxy)hexyne-3, 
t-butylperoxycumin, etc. When the polymer material (a) is 
the ?uororubber, a compound such as a polyol, a polyamine 
or a peroxide can be used. 

[0106] Although the amount of the crosslinking agent 
added is not particularly limited, it is preferably from 0.1 to 
20 parts by Weight, more preferably from 0.2 to 10 parts by 
Weight, and still more preferably from 0.3 to 5 parts by 
Weight, based on 100 parts by Weight of the polymer 
material (a). When the amount of the crosslinking agent 
added is less than 0.1 part by Weight, the foam composition 
is deteriorated in the heat resistance and further in the 
thermal expansion properties. Conversely, When it exceeds 
20 parts by Weight, the foam composition becomes hard and 
brittle. 

[0107] It is also possible to crosslink the polymer material 
(a) by irradiation of an ioniZing radiation such as an electron 
beam or a y ray. A functional group-containing material 
Which undergoes crosslinking reaction by heating Without 
addition of the crosslinking agent may be used as the 
polymer material (a). Further, it is also possible to use a 
plurality of crosslinking methods in combination. For 
example, after crosslinking by use of sulfur, the polymer 
material may be irradiated With the ioniZing radiation. 
HoWever, particularly, according to the crosslinking method 
using sulfur or the sulfur compound, crosslinking is possible 
also in an oxygen atmosphere to increase the degree of 
freedom of a production process, the rubber material is 
generally Widely used in curing, and a raW material and a 
production apparatus are not special and easily available. 
This method is therefore preferred in the ?rst invention. 

[0108] When sulfur or the sulfur compound is used for 
crosslinking of the polymer material (a), the crosslinking 
accelerator is preferably used together. The time requiring 
for crosslinking is shortened by using the crosslinking 
accelerator together, so that productivity is improved and the 
composition excellent in heat resistance can be obtained. 
The crosslinking accelerators include but are not limited to, 
for example, hexamethylenetetramine, n-butylalde 
hydeaniline, N,N‘-di-phenylthiourea, trimethylthiourea, 
N,N‘-diethylthiourea, 1,3-diphenylguanidine, 1,3-di-o 
tolylguanidine, l-o-tolyl-guanide, a di-o-tolylguanidine salt 
of dicatechol borate, 2-mercaptobenZothiaZole, di-2-ben 
ZothiaZolyl disul?de, a Zinc salt of 2-mercaptobenZothiaZ 
ole, a cyclohexylamine salt of 2-mercaptobenZothiaZole, 
2-(N,N-diethylthiocarbamoylthio)benZothiaZole, 2-(4‘-mor 
pholinodithio)benZothiaZole, N-cyclohexyl-2-benZothiaZ 
olylsulfenamide, N-tert-butyl-2-benZothiaZolylsulfenamide, 
N-oxydiethylene-2-benZothiaZolylsulfenamide, N,N‘-dicy 
clohexyl-2-benZothiaZolyl-sulfenamide, tetramethylthiuram 
disul?de, tetraethylthiuram disul?de, tetrabutylthiuram dis 
ul?de, tetrakis(2-ethylhexyl)thiuram disul?de, tetrameth 
ylthiuram monosul?de, dipentamethylenethiuram tetrasul 
?de, piperidine pentamethylenedithiocarbamate, pipecoline 
pipecoline-1-dithiocarboxylate, Zinc dimethyldithiocarbam 
ate, Zinc diethyldithiocarbamate, Zinc dibutyldithiocarbam 
ate, Zinc N-ethyl-N-phenyldithiocarbamate, Zinc N-pentam 
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ethylenedithio-carbamate, Zinc dibenZyldithiocarbamate, 
sodium diethyldithiocarbamate, sodium dibutyldithiocar 
bamate, copper dimethyldithiocarbamate, ferric dimeth 
yldithiocarbamate, tellurium diethyldithiocarbamate, Zinc 
isopropylxanthate, 4,4‘-dithiomorpholine, etc. The plurality 
of crosslinking agents can also be used in combination. 
Further, it is preferred that Zinc oxide and stearic acid are 
used for a purpose similar to that of the crosslinking agent. 

[0109] Further, When the peroxide is used for crosslinking 
of the polymer material (a), the crosslinking assistant such 
as a multifunctional monomer or a multifunctional polymer 

is preferably used. The use of the crosslinking assistant can 
provide the composition excellent in heat resistance. The 
crosslinking assistants include but are not limited to, for 
example, multifunctional monomers such as ethylene 
dimethacrylate, polyethylene glycol dimethacrylate, trim 
ethylolpropane trimethacrylate, cyclohexane methacrylate, 
Zinc diacrylate, allyl methacrylate, divinylbenZene, diallyl 
itaconate, triallyl isocyanurate, triallyl cyanurate, diallyl 
phthalate, vinyltoluene, vinylpyridine, divinyldichlorocyan 
and triallyl phosphate; multifunctional polymers such as 
vinylpolybutadiene; p-quinonedioxime, p,p‘-diben 
Zoylquinonedioxime, N‘-m-phenylenebismaleimide, sulfur, 
etc. 

[0110] In the ?rst invention, the foam composition is 
required to be foamed by any proper means. For example, 
the chemical foaming agent Which generates a gas by 
heating may be added to the foam composition. The chemi 
cal foaming agents include, for example, organic foaming 
agents such as a sulfonylhydraZide (for example, p,p‘-oxy 
bis(benZenesulfonylhydraZide) (OBSH), benZenesulfonyl 
hydraZide or toluenesulfonylhydraZide), an aZo compound 
(for example, aZodicarbonamide (ADCA) or aZobisisobuty 
ronitrile) and a nitroso compound (for example, N,N‘-dini 
trosopentamethylenetetramine or N,N‘-dimethyl-N,N‘-dini 
trosoterephthalamide); and inorganic foaming agents such 
as sodium bicarbonate and ammonium bicarbonate. Of 
these, BOSH, ADCA or a foaming agent in Which they are 
used in combination is preferred. The amount of the chemi 
cal foaming agent added is preferably from 1 to 40 parts by 
Weight, and more preferably from 3 to 20 parts by Weight, 
based on 100 parts by Weight of the polymer material (a). 
When the amount of the chemical foaming agent added is 
less than 1 part by Weight, only a foam having an expansion 
ratio as loW as less than 3 is obtained. Exceeding 40 parts by 
Weight results in failure to obtain the target foam because of 
over foaming. In order to loWer the decomposition tempera 
ture of the foaming agent, a compound having a catalytic 
function can be used in combination, and it is necessary to 
adjust so as to achieve a balance betWeen the crosslinking 
temperature and the decomposition temperature of the foam 
ing agent. When ADCA is used as the chemical foaming 
agent, the use of a metal oxide such as Zinc oxide, a metal 
salt of a fatty acid such as Zinc stearate or a foaming 
auxiliary agent such as urea can decrease the decomposition 
temperature of the foaming agent. Chloro-?uorocarbon, a 
hydrocarbon, Water, etc. can also be added as the foaming 
agents to the foam composition Without using the chemical 
foaming agent, and vaporiZed by heating to foam the com 
position. As a method using no chemical foaming agent, 
Water in the composition can be vaporiZed by irradiation of 
microWaves to foam the composition. Further, the foam 
composition may be dissolved or dispersed in an appropriate 
medium, bubbled by mechanical stirring or bloWing of a gas, 
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and gelled to carry out crosslinking. HoWever, in the ?rst 
invention, foaming With the chemical foaming agent is a 
preferred foaming method, because it is possible to carry out 
crosslinking and foaming at the same time, the production 
process is simpli?ed, and further, the raW materials are 
easily available. 

[0111] In the ?rst invention, a plasticiZer is preferably used 
in order to decrease the viscosity of the foam composition to 
make it easy to foam the composition. The plasticiZers 
include but are not limited to, for example, a paraffinic oil, 
a naphthenic oil, an aromatic oil, a silicone-based oil, an 
ester-based oil, an ether-based oil, a coumarone oil, asphalt, 
a coumarone resin, a paraffin Wax, a fatty acid soap, 
bisarmid, a liquid rubber, etc. It is also possible to use them 
in combination. The amount of the plasticiZer added is 
preferably from 5 to 100 parts by Weight, and particularly 
preferably from 20 to 70 parts by Weight, based on 100 parts 
by Weight of the polymer material (a). When the amount of 
the plasticiZer added is less than 5 parts by Weight, the 
viscosity of the foam composition increases, resulting in 
poor processability, and in insuf?cient foaming to increase 
the bulk density of the foam. On the other hand, exceeding 
100 parts by Weight unfavorably results in too loW viscosity 
of the foam composition thereby deteriorating processabil 
ity. Further, it is preferred that the plasticiZer is selected from 
ones having compatibility With the polymer material (a). For 
example, When the crosslinkable polymer material (a) is the 
ethylene-propylene-diene copolymer rubber, the paraf?nic 
oil, the naphthenic oil, the aromatic oil or the like is 
preferably selected. When the polymer material (a) is the 
nitrile rubber, the ester-based oil, the ether-based oil or the 
like is preferably selected. 

[0112] In the ?rst invention, in order to reduce the cost of 
the foam composition, to reinforce the composition, and to 
improve the processability and heat resistance thereof, the 
?ller may be used. The ?llers include but are not limited to, 
for example, carbon black, calcium carbonate, magnesium 
carbonate, silica, magnesium silicate, clay, mica, glass, etc. 

[0113] As other components, components Which have 
hitherto been knoWn can be used. Examples thereof include 
but are not limited to the processing aid, the coloring agent 
and the antioxidant. 

[0114] The above-mentioned thermally expandable mate 
rial according to the ?rst invention can be used for ?uid 
sealing of joints, soundproo?ng and heat insulation in archi 
tectural structures, industrial instruments and automobiles, 
similarly to a conventional material. As described above, the 
foam material is usually mounted in the compressed state to 
a site to be treated, and the joint gap is ?lled in With the foam 
material by shape recovery due to the elastic force of the 
material itself. HoWever, the conventional foam material is 
restored momentarily When the pressure is released. It is 
therefore necessary to mount the foam material to the site to 
be treated While keeping a state Withstanding the restoring 
force of the foam material in the compressed state. Accord 
ingly, Workability for mounting the foam material is 
extremely deteriorated. When the foam material is made 
thin, the Workability for mounting the foam material is 
improved. HoWever, the respective performances of ?uid 
sealing, soundproo?ng and heat insulation become insuf? 
cient because of the development of the gap. Further, a soft 
foam material is used to reduce the restoring force of the 
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foam material in the compressed state, thereby being able to 
improve the workability to some degree. HoWever, the effect 
thereof is slight, and the performance of ?uid sealing is 
rather deteriorated. 

[0115] In contrast, according to the thermally expandable 
material of the ?rst invention, the shape is retained in the 
compressed state, so that the thermally expandable material 
can be extremely easily mounted onto the site to be treated. 
Further, the thermally expandable material of the ?rst inven 
tion expands in a sponge form by heating to ?ll in the gap, 
so that the respective performances of ?uid sealing, sound 
proo?ng and heat insulation are suf?ciently exhibited. 

[0116] In the above, heating for thermal expansion can be 
conducted, for example, by a method of pressing a hot plate 
heated at a speci?ed temperature to the thermally expand 
able material or bloWing a hot air thereto. The heating 
temperature at that time can be appropriately set according 
to the melting point of the thermoplastic resin (b) and/or the 
amount of the thermoplastic resin (b) added. The loWer the 
melting point of the thermoplastic resin (b) is, the loWer 
temperature is required for thermal expansion. Further, the 
smaller the amount of the thermoplastic resin (b) added is, 
the loWer temperature is required for thermal expansion. 
When the amount of the thermoplastic resin (b) added is 
small, thermal expansion occurs at a temperature loWer than 
the melting point, and is initiated by heating to at least the 
melting point of the thermoplastic resin (b), although the 
thermal expansion temperature depends on amount of the 
thermoplastic resin (b) used. For example, an ethylene-vinyl 
acetate copolymer having a melting point of about 50° C. to 
about 100° C. depending on the copolymeriZation ratio of 
ethylene and vinyl acetate Which are monomer units is 
commercially available, and the copolymer having an appro 
priate melting point can be selected. Further, When thermal 
expansion at a higher temperature is desired, for example, 
polyethylene terephthalate having a melting point of about 
250° C. or the like can be used. 

[0117] Further, When the thermally expandable material is 
used in a machine Which generates heat by its operation, 
such as an industrial instrument or an automobile described 

later, it expands in a sponge form by the heat generated by 
the operation of the machine. Accordingly, the procedure of 
applying heat becomes unnecessary in some cases. 

[0118] The second invention Will be described in detail 
beloW. 

[0119] The thermally expandable material of the second 
invention is a foam composition containing a crosslinked 
crystalline thermoplastic resin. The thermally expandable 
materials used in the second invention include but are not 
limited to, for example, polyethylenes such as loW-density 
polyethylene, intermediate-density polyethylene, high-den 
sity polyethylene, ultra-high-molecular-Weight polyethylene 
and chlorinated polyethylene, polyesters such as polyethyl 
ene terephthalate, polybutylene terephthalate, polycyclo 
hexylenedimethylene terephthalate, a liquid crystalline 
polyester, polyhydroxybutyrate, polycaprolactone, polyeth 
ylene adipate, polylactic acid, polybutylene succinate, poly 
butyl adipate and polyethylene succinate, ?uororesins such 
as polyether ether ketone, polytetra?uoroethylene (a tet 
ra?uoroethylene resin), a tetra?uoroethylene-per?uoroalkyl 
vinyl ether copolymer (a tetra?uoroethylene-per?uoro 
alkoxyethylene copolymer resin), a tetra?uoroethylene 
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hexa?uoropropylene copolymer (a tetra?uoroethylene 
hexa?uoropropylene copolymer resin), a 
tetra?uoroethylene-ethylene copolymer (a tetra?uoroethyl 
ene-ethylene copolymer resin), polyvinylidene ?uoride (a 
vinylidene ?uoride resin), polychlorotri?uoroethylene (a 
chlorotri?uoroethylene resin), a chlorotri?uoroethylene-eth 
ylene copolymer (a chlorotri?uoroethylene-ethylene 
copolymer resin) and polyvinyl ?uoride (a vinyl ?uoride 
resin); polyamides such as polyamide 6, polyamide 66, 
polyamide 46, semi-aromatic polyamide 6T, polyamide 
MXD, polyamide 610, polyamide 612, polyamide 11 and 
polyamide 13, polypropylenes such as atactic polypropy 
lene, isotactic polypropylene, syndiotactic polypropylene 
and an ethylene-propylene copolymer; a polyacetal, polyph 
thalamide, polyimides such as a polyamideimide, a poly 
etherimide and a thermoplastic polyimide, a polyethersul 
fone, isotactic polystyrene, syndiotactic polystyrene, a 
polyphenylene sul?de, a polyphenylene ether, a polyether 
nitrile, polyethylene oxide, polypropylene oxide, an iono 
mer, syndiotactic 1,2-polybutadiene, trans-1,4-polyisoprene, 
polymethylpentene, a polyketone, an ethylene-vinyl acetate 
copolymer, an ethylene-acrylic acid copolymer, an ethylene 
vinyl alcohol copolymer, polyvinylidene chloride, polyhy 
droxybutyrate and polyvinyl alcohol. Further, resins 
obtained by copolymeriZing another monomer With these or 
polymer alloys obtained by grafting another oligomer to 
these can also be used. Furthermore, a thermoplastic elas 
tomer can also be used, and examples thereof include but are 
not limited to a polyole?nic thermoplastic elastomer, a vinyl 
chloride-based thermoplastic elastomer, an ester-based ther 
moplastic elastomer, an amide-based thermoplastic elas 
tomer, a ?uorinated elastomer, etc. 

[0120] Of the above-mentioned crosslinkable crystalline 
thermoplastic resins, polyethylene or the ethylene copoly 
mer, particularly the ethylene-vinyl acetate copolymer is 
preferred, because it is inexpensive, easily available and has 
a proper foaming temperature of about 50° C. to 140° C. in 
melting point. Further, the use of the ethylene-vinyl acetate 
copolymer also results in the advantage that the thermally 
expandable material excellent in both the shape-retaining 
characteristics and the thermal expansion characteristics is 
obtained. 

[0121] Various additives can be added to the above-men 
tioned crosslinkable crystalline thermoplastic resin as 
needed. For example, in foaming described later, a plasti 
ciZer is preferably added in order to decrease the viscosity of 
the foam composition to make it easy to foam the compo 
sition. The plasticiZers include but are not limited to, for 
example, a paraf?nic oil, a naphthenic oil, an aromatic oil, 
a silicone-based oil, an ester-based oil, an ether-based oil, a 
coumarone oil, asphalt, a coumarone resin, a paraf?n Wax, a 
fatty acid soap, bisarmid, a liquid rubber, etc. It is also 
possible to use them in combination. Further, it is preferred 
that the plasticiZer is selected from ones having compatibil 
ity With crosslinkable crystalline thermoplastic resin. 

[0122] In addition, in order to reduce the cost of the foam 
composition, to reinforce the composition, and to improve 
the processability and heat resistance thereof, a ?ller may be 
used. The ?llers include but are not limited to, for example, 
carbon black, calcium carbonate, magnesium carbonate, 
silica, magnesium silicate, clay, mica, glass, etc. Further, 
additives used in a general polymer material, such as a 
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processing aid, a softening agent, an antioxidant and a 
coloring agent, may be mixed. 

[0123] In order to crosslink the foam composition con 
taining the above-mentioned crosslinkable crystalline ther 
moplastic resin, either chemical crosslinking using a chemi 
cal crosslinking agent or ioniZing radiation crosslinking 
irradiating the composition With an ioniZing radiation is 
possible. 
[0124] As the chemical crosslinking agents, there can be 
used various agents ordinarily employed, and crosslinking 
can be carried out using a knoWn compound such as sulfur, 
a sulfur compound or a peroxide. The sulfur compounds 
include but are not limited to, for example, di-2-benZothia 
Zolyl disul?de, tetramethylthiuram disul?de, tetraethylthi 
uram disul?de, tetrabutylthiuram disul?de, tetrakis(2-ethyl 
hexyl)thiuram disul?de, dipentamethylenethiuram 
tetrasul?de, 4,4‘-dithiodimorpholine, etc., Which release 
active sulfur at high temperatures. 

[0125] When sulfur or the sulfur compound is used, the 
crosslinking accelerator is preferably used together. The 
time requiring for crosslinking is shortened by using the 
crosslinking accelerator together, so that productivity is 
improved and the composition excellent in heat resistance 
can be obtained. The crosslinking accelerators include but 
are not limited to, for example, hexamethylenetetramine, 
n-butylaldehydeaniline, N,N‘-di-phenylthiourea, trimeth 
ylthiourea, N,N‘-diethylthiourea, 1,3-diphenylguanidine, 
1,3-di-o-tolylguanidine, l-o-tolyl-guanide, a di-o 
tolylguanidine salt of dicatechol borate, 2-mercaptoben 
ZothiaZole, di-2-benZothiaZolyl disul?de, a Zinc salt of 
2-mercaptobenZothiaZole, a cyclohexylamine salt of 2-mer 
captobenZothiaZole, 2-(N,N-diethylthiocarbamoylthio)ben 
ZothiaZole, 2-(4‘-morpholinodithio)benZothiaZole, N-cyclo 
hexyl-2-benZothiaZolylsulfenamide, N-tert-butyl-2 
benZothiaZolylsulfenamide, N-oxydiethylene-2 
benZothiaZolyl-sulfenamide, N,N‘-dicyclohexyl-2 
benZothiaZolylsulfenamide, tetramethylthiuram disul?de, 
tetraethylthiuram disul?de, tetrabutylthiuram disul?de, tet 
rakis(2-ethylhexyl)thiuram disul?de, tetramethylthiuram 
monosul?de, dipentamethylenethiuram tetrasul?de, piperi 
dine pentamethylenedithiocarbamate, pipecoline pipe 
coline-1-dithiocarboxylate, Zinc dimethyldithiocarbamate, 
Zinc diethyl-dithiocarbamate, Zinc dibutyldithiocarbamate, 
Zinc N-ethyl-N-phenyldithiocarbamate, Zinc N-pentameth 
ylenedithiocarbamate, Zinc dibenZyldithiocarbamate, 
sodium diethyldithiocarbamate, sodium dibutyldithiocar 
bamate, copper dimethyldithiocarbamate, ferric dimeth 
yldithiocarbamate, tellurium diethyldithiocarbamate, Zinc 
isopropylxanthate, 4,4‘-dithiomorpholine, etc. The plurality 
of crosslinking agents can also be used in combination. 
Further, it is preferred that Zinc oxide and stearic acid are 
used for a purpose similar to that of the crosslinking agent. 

[0126] The peroxides include but are not limited to, for 
example, benZoyl peroxide, 1,1-bis(t-butylperoxy)-3,3,5-tri 
methylcyclohexane, 1,1-bis(t-butylperoxy)cyclodecane, 
n-butyl-4,4-bis(t-butylperoxy)valerate, dicumyl peroxide, 
t-butyl peroxybenZoate, di-t-butyl peroxide, ot,ot‘-bis(t-bu 
tylperoxy)diisopropylbenZene, 2,5-dimethyl-2,5-di(t-bu 
tylperoxy)hexane, 2,5-dimethyl-2,5-di(t-butylperoxy)hex 
yne-3, t-butylperoxycumin, etc. 

[0127] Further, When the peroxide is used, the crosslinking 
assistant such as a multifunctional monomer or a multifunc 
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tional polymer is preferably used. The use of the crosslink 
ing assistant can provide the composition excellent in heat 
resistance. The crosslinking assistants include but are not 
limited to, for example, multifunctional monomers such as 
ethylene dimethacrylate, polyethylene glycol dimethacry 
late, trimethylolpropane trimethacrylate, cyclohexane meth 
acrylate, Zinc diacrylate, allyl methacrylate, divinylbenZene, 
diallyl itaconate, triallyl isocyanurate, triallyl cyanurate, 
diallyl phthalate, vinyltoluene, vinylpyridine, divinyldichlo 
rocyan and triallyl phosphate; multifunctional polymers 
such as vinylpolybutadiene; p-quinonedioxime, p,p‘-diben 
Zoylquinonedioxime, N‘-m-phenylenebismaleimide, sulfur, 
etc. 

[0128] Although there is no particular limitation on the 
amount of the crosslinking agent added, it is preferably from 
0.1 to 20 parts by Weight, more preferably from 0.2 to 10 
parts by Weight, and particularly preferably from 0.3 to 5 
parts by Weight, based on 100 parts by Weight of the 
crosslinkable crystalline thermoplastic resin. When the 
amount of the crosslinking agent added is less than 0.1 part 
by Weight, the resulting thermally expandable material is 
deteriorated in the heat resistance and decreased in the 
amount of expansion. Conversely, When it exceeds 20 parts 
by Weight, the resulting thermally expandable material 
becomes hard and brittle. 

[0129] Besides, a so-called silane crosslinking agent can 
also be used. 

[0130] On the other hand, as the ioniZing radiation, there 
can be used an electron beam, a y ray, an X-ray, a neutron 
or the like. HoWever, the electron beam is most preferably 
used in terms of handling properties. Irradiation conditions 
are appropriately set depending on the kind of crosslinkable 
crystalline thermoplastic resin. 

[0131] Further, the chemical crosslinking may be used in 
combination With the ioniZing radiation crosslinking. For 
example, after crosslinking by use of the chemical crosslink 
ing agent, the composition may be irradiated With the 
ioniZing radiation. 

[0132] In the second invention, the above-mentioned foam 
composition is required to be foamed. Although there is no 
limitation on the foaming means, for example, the chemical 
foaming agent Which generates a gas by heating may be 
added. The chemical foaming agents include, for example, 
organic foaming agents such as a sulfonylhydraZide (for 
example, p,p‘-oxybis(benZene-sulfonylhydraZide) (OBSH), 
benZenesulfonylhydraZide or toluenesulfonylhydraZide), an 
aZo compound (for example, aZodicarbonamide (ADCA) or 
aZobisisobutyronitrile) and a nitroso compound (for 
example, N,N‘-dinitrosopentamethylenetetramine or N,N‘ 
dimethyl-N,N‘-dinitrosoterephthalamide); and inorganic 
foaming agents such as sodium bicarbonate and ammonium 
bicarbonate. Of these, BOSH, ADCA or a foaming agent in 
Which they are used in combination is preferred. 

[0133] The amount of the chemical foaming agent added 
is preferably from 1 to 40 parts by Weight, and more 
preferably from 3 to 20 parts by Weight, based on 100 parts 
by Weight of the crosslinkable crystalline thermoplastic 
resin. When the amount of the chemical foaming agent 
added is less than 1 part by Weight, it is difficult to obtain a 
foam having a necessary expansion ratio. When it exceeds 
40 parts by Weight, over foaming becomes liable to occur. 
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[0134] In order to lower the decomposition temperature 
(foaming temperature) of the foaming agent, a compound 
having a catalytic function can be used in combination, and 
it is necessary to adjust so as to achieve a balance betWeen 
the crosslinking temperature and the decomposition tem 
perature of the foaming agent. When ADCA is used as the 
chemical foaming agent, the use of a metal oxide such as 
Zinc oxide, a metal salt of a fatty acid such as Zinc stearate 
or a foaming auxiliary agent such as urea can decrease the 
decomposition temperature of the foaming agent. 

[0135] Further, a physical foaming agent can also be used 
Without using the chemical foaming agent. The physical 
foaming agents include, for example, inorganic agents such 
as nitrogen and air, and organic agents such as pentane, 
hexane, dichloroethane, methylene chloride and chloro 
?uorocarbon gas. As a method using no foaming agent, 
Water in the crosslinked crystalline thermoplastic resin can 
be vaporiZed by irradiation of microWaves to foam the 
composition. Further, the crosslinked crystalline thermo 
plastic resin may be dissolved or dispersed in an appropriate 
medium, bubbled by mechanical stirring or bloWing of a gas, 
and gelled to carry out crosslinking. HoWever, in the second 
invention, foaming With the chemical foaming agent is a 
preferred foaming method, because it is possible to carry out 
crosslinking and foaming at the same time, the production 
process is simpli?ed, and further, the raW materials are 
easily available. 

[0136] In order to obtain the thermally expandable mate 
rial of the second invention, the above-mentioned foam 
composition is ?rst formed to a speci?ed shape, and foamed 
to obtain a foam. The forming apparatus include a press, an 
extruder and calender roll, but the second invention should 
not be construed as being limited by the kind of forming 
apparatus. Further, in heating, a hot-air heating furnace, a 
glass beads ?uidiZed bed, a molten salt tank, a hot press, a 
high-frequency heater or the like can be used. It is also 
possible to use them in combination. The heating tempera 
ture is preferably from 150 to 250° C., and more preferably 
from 170 to 220° C. When the heating temperature is loWer 
than 150° C., a long period of time is required for crosslink 
ing and foaming. On the other hand, When the temperature 
is higher than 250° C., the foam composition deteriorates in 
some cases. 

[0137] When the chemical crosslinking is carried out, 
crosslinking concurrently occurs by heating at this time. 
When a chemical foaming agent is used as the foaming 
agent, the foam composition is also similarly foamed by 
heating. Accordingly, When the crosslinking agent and the 
chemical foaming agent are used together, crosslinking and 
foaming occur at the same time by heating. This is therefore 
preferred as a method for preparing the crosslinked foam in 
the second invention. When the radiation crosslinking is 
carried out, a non-foamed formed body is irradiated With the 
ioniZing radiation to crosslink a surface layer thereof, then 
heated at a temperature equal to or higher than the decom 
position temperature of the foaming agent to foam it, and 
further irradiated With the ioniZing radiation to prepare a 
crosslinked foam. 

[0138] The bulk density of the foam after crosslinking and 
foaming is preferably from 10 kg/m3 to less than 1,000 
kg/m3, more preferably from 20 kg/M3 to less than 500 
kg/m3, and particularly preferably from 50 kg/m3 to less than 
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300 kg/m3. When the bulk density exceeds 1,000 kg/m3, it 
becomes dif?cult to compress the foam, and the difference in 
thickness betWeen before and after thermal expansion is 
small, Which makes it difficult to suf?ciently block the gap. 
Further, the foam becomes hard to pose a problem With 
regard to the shape-retaining properties. On the other hand, 
When the bulk density is less than 10 kg/m3, the strength of 
the foam is decreased, and the foam becomes too soft, 
resulting in insufficient thermal expansion properties. 

[0139] Further, the expansion ratio of the foam can be set 
by the amount of the foaming agent added, When the 
chemical foaming agent is used. When the amount of the 
chemical foaming agent is increased, the expansion ration 
becomes high. On the other hand, When it is decreased, the 
expansion ratio becomes loW. Furthermore, the expansion 
ratio can also be set by the viscosity of the foam composition 
in a non-foamed state. Lowered viscosity results in high 
expansion ratio, Whereas elevated viscosity results in loW 
expansion ratio. Accordingly, the amount of the foaming 
agent added or the viscosity of the foam composition in a 
non-foamed state is properly adjusted. 

[0140] As the preparation of this foam, there is available 
a normal pressure foaming method of heating the non 
foamed formed body With a heating furnace or a conveyer 
type furnace to induce the crosslinking reaction of the resin 
and the decomposition reaction of the foaming agent, 
thereby melt foaming the formed body, a method of irradi 
ating the non-foamed formed body With the ioniZing radia 
tion to crosslink the raW material resin, and then, foaming 
the formed body With a foaming heating furnace, or an 
extrusion foaming method of decomposing the foaming 
agent contained in the foam composition in a cylinder of an 
extruder, and foaming the resin at the same time that it is 
formed by extrusion. In the extrusion method, an injection 
molding machine may be used. A one-step pressure foaming 
method is also available in Which the non-foamed foam is 
placed in a tapered mold, and heated under pressure to 
proceed With the crosslinking reaction and the decomposi 
tion reaction of the foaming agent, folloWed by pressure 
removal for expansion at a breath. Further, a tWo-step 
foaming method is also available in Which the non-foamed 
foam is placed in a mold, and heated under pressure to 
proceed With only the crosslinking reaction or the crosslink 
ing reaction and the decomposition reaction of the foaming 
agent to some degree as the ?rst step, and then, heated in the 
same mold or a mold increased in volume under normal 
pressure to complete the crosslinking reaction and the 
decomposition reaction of the foaming agent as the second 
step. The second step of this tWo-step foaming method may 
be conducted in a foaming heating furnace under normal 
pressure. Alternatively, a method is also available in Which 
resin beads are previously impregnated With the foaming 
agent to prepare foamable beads, and the beads placed in a 
mold are heated by Water vapor to adhere the foam to the 
individual beads by fusion. Furthermore, a method is also 
available in Which a liquid material (a monomer or an 
oligomer) is poured into a mold While reacting it in the air, 
folloWed by foaming. As described above, the foam can be 
produced by knoWn techniques. 

[0141] Then, the above-mentioned foam is heated and 
compressed so as to give a speci?ed thickness. After keeping 
for a speci?ed period of time, it is cooled to room tempera 
ture, as it is kept in the compressed state. In order to obtain 
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the excellent respective performances of ?uid sealing, 
soundproo?ng and heat insulation at a treated site, the 
amount of compression is preferably half or less of the 
thickness of the foam before compression. 

[0142] In the above-mentioned sequence of compressing 
operations, for example, the foam may be compressed by 
heating With a hot press, and cooled in the compressed state. 
Further, the foam may be heated in a hot-air heating furnace, 
compressed With a press immediately after it has been taken 
out of the hot-air heating furnace, and cooled. In order to 
compress the foam, a Weight may be placed thereon Without 
using the press. Further, for continuous production, the foam 
may be compressed by heating With a hot roll, using a 
calender roll, and cooled With a cold roll as it is compressed. 
Furthermore, When crosslinking or foaming is carried out by 
heating, the foam may be compressed and cooled With a cold 
roll immediately after it has been heated utiliZing heating in 
crosslinking or foaming. The compressing operations are not 
limited thereto, and any method can be employed, as long as 
the preliminary formed body comprising the above-men 
tioned foam composition can be compressed by heating and 
cooled in the compressed state. Further, the foam may be 
cooled before the temperature of the foam crosslinked and 
foamed by heating falls, Without conducting the heating 
operation after the preparation of the foam. 

[0143] The heating temperature in the above-mentioned 
sequence of compressing operations is a temperature equal 
to or higher than a melting point of the crosslinked crystal 
line thermoplastic resin, preferably Within the range of 80 to 
200° C., and the cooling temperature is a temperature less 
than the melting point of the crosslinked crystalline ther 
moplastic resin, preferably Within the range of 25 to less 
than 80° C. 

[0144] The thermally expandable material can take any 
shape after compression. For example, When the formed 
body is compressed With a ?at plate, a sheet-like thermally 
expandable material is obtained. When the formed body is 
compressed With a plate having any shape such as emboss 
ing, the shape is transferred to the thermally expandable 
material. Further, a site to be compressed may be any, and 
either the Whole surface or only a part of the formed body 
may be compressed. 

[0145] Then, after cooling, the pressure is released to 
obtain the thermally expandable material of the second 
invention. The thermally expandable material of the second 
invention thus obtained has the thermal expansion properties 
that the compressed state is maintained at room temperature, 
and released by heating to expand. Accordingly, the ther 
mally expandable material of the second invention has 
respective mechanisms for the shape-retaining properties 
and the thermal expansion properties. Although the second 
invention is not limited by a speci?c theory, the inventors 
presume that the shape-retaining properties and the thermal 
expansion properties are developed by the folloWing mecha 
msms. 

[0146] [0041] 
[0147] As shoWn in the left column of FIG. 11, in the 
foam according to the crosslinked crystalline thermoplastic 
resin, a polymer chain is partially crosslinked, so that the 
polymer chain is not completely disentangled due to 
crosslinking points even When a crystalline phase is fused at 
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a temperature equal to or higher than the melting tempera 
ture. Accordingly, the force of restoring the thickness acts by 
the elasticity (aQb). On the other hand, the foam is softened 
by fusion of the crystalline phase due to heating to decrease 
rigidity. In such a state, it is possible to deform the foam by 
a loW stress. Further, the foam is cooled in a deformed state 
to form a hardened product, thereby increasing rigidity, 
Which makes it possible to keep the deformed shape. 
Accordingly, When the foam according to the crosslinked 
crystalline thermoplastic resin is cooled as it is compressed 
by heating, the foam tends to restore the thickness by its 
elastic restoring force due to crosslinking. HoWever, the 
compressed state is maintained by the crystalline phase of 
the hardened thermoplastic resin to develop the shape 
retaining properties (bQc). In order to develop the shape 
retaining properties, a shape-retaining force higher than the 
restoring force is required. 

[0148] The thermally expandable material shape-retained 
in the above-mentioned compressed state has a shape 
retaining force higher than the restoring force at room 
temperature. Accordingly, When the restoring force exceeds 
the shape-retaining force, the thermal expansion restoring 
properties based on the restoring force is developed. For that 
purpose, it becomes an effective means to decrease the 
shape-retaining force, and in the thermally expandable mate 
rial of the second invention, the shape-retaining force is 
decreased by application of heat (cQd). As described above, 
the thermoplastic resin is softened on heating, and it 
becomes possible to deform the foam by a loW stress. 
Accordingly, the hardened product of the thermoplastic resin 
is softened by heating to decrease rigidity, thereby loWering 
the shape-retaining force. On the other hand, the crosslink 
able crystalline thermoplastic resin is crosslinked in the 
shape of the foam, and the force acts Which tends to recover 
to the shape of the foam by elastic restoration. With heating 
of the thermally expandable material, the elastic restoring 
force comes to exceed the shape-retaining force. As a result, 
the compressed state is released to develop the thermal 
expansion properties (cQb). 

[0149] In contrast, the right column of FIG. 11 shoWs an 
expanded state in Which the crosslinkable crystalline ther 
moplastic resin is foamed Without crosslinking it. At a 
temperature equal to or higher than the melting temperature 
at Which plastic ?oW becomes possible, the crystalline 
phases are fused, and the tangles in the polymer chain are 
disentangled, as shoWn in (aQb). Accordingly, even When 
the foam is compressed in a state in Which the polymer chain 
is disentangled, it has no force Which tends to recover to the 
original shape (shape-retaining properties), as shoWn in 
(bQc). Further, the thermoplastic resin is solidi?ed to a 
sheet form by cooling it as it is compressed, as shoWn in 
(cQd). HoWever, even When the foam is heated at a tem 
perature equal to or higher than the melting temperature 
from the compressed state to fuse the crosslinkable crystal 
line thermoplastic resin again, it can not expand because it 
has no shape-restoring force, as shoWn in (cQb). 

[0150] The mechanisms for developing the shape-retain 
ing properties and the thermal expansion properties of the 
thermally expandable material of the ?rst invention are as 
described above. 

[0151] In the second invention, the crystalline thermoplas 
tic resin is used. HoWever, according to an amorphous 



US 2004/0138321 A1 

thermoplastic resin, rapid thermal expansion at a speci?c 
temperature does not occur. The inventors consider the 
reason for this as follows. 

[0152] When the thermoplastic resin is higher in rigidity at 
a temperature around room temperature at Which the shape 
retaining properties are developed, and loWer in thermal 
expansion at a high temperature at Which the thermal 
expansion properties are developed, the thermally expand 
able material good in both the shape-retaining properties and 
the thermal expansion properties is obtained. The thermo 
plastic resin gradually decreased in rigidity With a rise in 
temperature is very sloWly restored in a temperature region 
in Which the rigidity is decreased, so tat the resin can not 
block the gap immediately, and it is also difficult to store the 
resin in the compressed state. As the thermoplastic resin, one 
rapidly decreased in rigidity at a speci?c temperature to be 
?uidized is preferred, because the storable temperature 
region in Which the shape-retaining properties are developed 
and the thermally expandable temperature region in Which 
the gap can be immediately blocked are Widened. The 
thermoplastic resins include a crystalline resin and an amor 
phous resin. The crystalline thermoplastic resin is rapidly 
softened in a temperature region equal to or higher than the 
melting point thereof, and mostly ?uidized. In contrast, the 
amorphous resin is softened at a temperature equal to or 
higher than the glass transition temperature thereof, but 
rapid softening as observed in the crystalline thermoplastic 
resin does not occur. Accordingly, the crystalline thermo 
plastic resin is preferred as the thermoplastic resin of the 
second invention. The amorphous resin such as an acrylic 
resin or polystyrene cannot provide the thermally expand 
able material excellent in both the shape-retaining properties 
and the thermal expansion properties, and shoWs the behav 
ior of sloWly expanding in a Wide temperature region. It 
becomes therefore impossible to block the gap immediately 
by heating, and a problem is practically encountered as the 
thermally expandable material. 

[0153] The reason Why it is presumed that the thermally 
expandable material Which rapidly thermally expands at a 
speci?c temperature is obtained by using the crystalline 
thermoplastic resin is as described above. HoWever, the 
second invention should not be construed as being limited to 
this theory. 

[0154] Heating for thermal expansion in the above can be 
conducted, for example, by a method of pressing a hot plate 
heated at a speci?ed temperature to the thermally expand 
able material or bloWing a hot air thereto. The heating 
temperature at that time can be appropriately set according 
to the melting point of the thermoplastic resin. The loWer the 
melting point of the thermoplastic resin is, the loWer tem 
perature is required for thermal expansion. For example, an 
ethylene-vinyl acetate copolymer having a melting point of 
about 50° C. to about 100° C. depending on the copolymer 
iZation ratio of ethylene and vinyl acetate Which are mono 
mer units is commercially available, and the copolymer 
having an appropriate melting point can be selected. Further, 
When thermal expansion at a higher temperature is desired, 
for example, polyethylene terephthalate having a melting 
point of about 250° C. or the like can be used. 

[0155] The above-mentioned thermally expandable mate 
rial according to the second invention can be used for ?uid 
sealing of joints, soundproo?ng and heat insulation in archi 
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tectural structures, industrial instruments and automobiles, 
similarly to a conventional material. As described above, the 
foam material is usually mounted in the compressed state 
onto a site to be treated, and the joint gap is ?lled in With the 
foam material by shape recovery due to the elastic force of 
the foam material itself. HoWever, the conventional foam 
material is restored momentarily When the pressure is 
released. It is therefore necessary to mount the foam material 
onto the site to be treated While keeping a state Withstanding 
the restoring force of the foam material in the compressed 
state. Accordingly, Workability for mounting the foam mate 
rial is extremely deteriorated. When the foam material is 
made thin, the Workability for mounting the foam material 
is improved. HoWever, the respective performances of ?uid 
sealing, soundproo?ng and heat insulation become insuf? 
cient because of the development of the gap. Further, a soft 
foam material is used to reduce the restoring force of the 
foam material in the compressed state, thereby being able to 
improve the Workability to some degree. HoWever, the effect 
thereof is slight, and the performance of ?uid sealing is 
rather deteriorated. 

[0156] In contrast, according to the thermally expandable 
material of the second invention, the shape is retained in the 
compressed state, so that the thermally expandable material 
can be extremely easily mounted onto the site to be treated. 
Further, the thermally expandable material of the ?rst inven 
tion expands in a sponge form by heating to ?ll in the gap, 
so that the respective performances of ?uid sealing, sound 
proo?ng and heat insulation are sufficiently exhibited. Fur 
ther, When the thermally expandable material is used in a 
machine Which generates heat by its operation, such as an 
industrial instrument or an automobile described later, it 
expands in a sponge form by the heat generated by the 
operation of the machine. Accordingly, the procedure of 
applying heat becomes unnecessary in some cases. The 
invention further provides a soundproof cover for an auto 
mobile engine using the above-mentioned thermally 
expandable material, and an embodiment thereof Will be 
shoWn beloW. 

[0157] FIG. 1 is a perspective vieW shoWing an embodi 
ment of an engine soundproof cover 10 used in a V type 
engine 20. This engine soundproof cover 10 comprises a 
cover body 11 made of a metal or a resin and a foam material 
12 provided as a soundproof on almost the Whole of a face 
on the engine side of the cover body 11 (inner surface), and 
?xed With bolts (not shoWn) to fastening holes 15 formed in 
an intake manifold 13, an intake collector 14 or the like. The 
shape of an engine 20 is complicated, so that the foam 
material 12 has hitherto been mounted onto the engine 20 in 
a state in Which the foam material is compressed in its 
thickness direction, and restored in the thickness by the 
elastic force of the foam material 12 itself, thereby ?lling in 
a gap betWeen the cover body 11 and the engine 20 to 
enhance the soundproo?ng effect. HoWever, the foam mate 
rial 12 is restored momentarily When the pressure is 
released. It is therefore necessary to attach the engine 
soundproof cover 10 to the engine 20 With the foam material 
12 in the compressed state Withstanding the restoring force 
thereof. Accordingly, Workability for mounting the foam 
material is extremely deteriorated. 

[0158] When the foam material 12 is made thin, the 
Workability for mounting the foam material is improved. 
HoWever, the soundproo?ng performance becomes insuf? 
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cient because of the development of a gap between the foam 
material and the engine 20. Further, the restoring force from 
the compressed state can be reduced by using a soft foam 
material 12, but the effect thereof is slight, rather resulting 
in a decrease in the strength of the foam material 12, Which 
causes a disadvantage such as shortened life. Further, the 
foam material 12 may be formed to the shape of the engine 
20. HoWever, the foam material 12 must be prepared for 
every type of the engine 20, further, for every portion to be 
mounted When the foam materials are mounted to a plurality 
of portions of the engine 20, Which causes an increase in 
production cost. Moreover, the foam material 12 is not in 
abutting contact With the engine 20 by pressure, so that a gap 
is inevitably developed betWeen the foam material 12 and 
the engine 20 although it is slight. This is also a problem 
With regard to the soundproo?ng performance. 

[0159] Then, the thermally expandable material of the 
invention is used in place of the foam material 12. As shoWn 
in FIG. 2 (only the engine 20 and the thermally expandable 
material 21 are shoWn for brevity), the thermally expandable 
material 21 is maintained in a state in Which it is compressed 
in its thickness direction, and can be mounted onto the 
engine 20 Without Withstanding the restoring force of the 
foam material in the compressed state such as the conven 
tional foam material. In this state, a gap exists betWeen the 
engine 20 and the thermally expandable material 21 as 
shoWn in the draWing. Then, as shoWn in FIG. 3, When the 
thermally expandable material 21 in the compressed state is 
heated at a speci?ed temperature, the thermally expandable 
material 21 expands in the thickness direction to ?ll in the 
above-mentioned gap, thereby obtaining a closely joined 
state. As described above, by using the thermally expandable 
material of the invention, not only it is easily mounted onto 
the engine 20, but also the soundproo?ng performance is 
improved. 
[0160] There is no particular limitation on the heating 
method for shape restoration, and a method of pressing a hot 
plate heated at a speci?ed temperature to the cover body 11 
or bloWing a hot air thereto With a dryer can be employed. 
In an ordinary automobile, the temperature in an automotive 
hood is elevated to about 80° C. by idling running in many 
cases. Of the thermally expandable materials, some materi 
als are restored in shape at a temperature equal to or loWer 
than the above-mentioned temperature, for example, at 
about 75° C. In that case, only idling running of the engine 
20 is required Without particularly conducting a heating 
operation, Which can reduce manpoWer for mounting. 

EXAMPLES 

[0161] The present invention Will be illustrated in greater 
detail With reference to the folloWing Examples and Com 
parative Examples, but the invention should not be con 
strued as being limited thereto. 

Example 1A 

[0162] Based on 100 parts by Weight of an ethylene 
propylene-diene copolymer rubber Which is a crosslinkable 
polymer material, 10 parts by Weight of an ethylene-vinyl 
acetate copolymer Which is a crystalline thermoplastic resin 
(b) having oxygen in its molecule and various additives Were 
mixed in the formulation shoWn in Table 1A by use of a 
rubber kneading roll to obtain a foam composition. Then, 
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this foam composition Was formed at 80° C. to a siZe of 
l50><l50><2 mm as it Was non-crosslinked, using a hot press, 
and the resulting formed product Was heated With a hot-air 
heating furnace at 180° C. for 10 minutes to obtain a foam. 
The bulk density of the foam Was 90 kg/m3. Then, this foam 
Was heated With a hot-air heating furnace at 120° C. for 10 
minutes, held betWeen iron plates kept at room temperature 
together With 2-mm spacers immediately after it had been 
taken out, and alloWed to stand as it Was for 10 minutes, 
thereby cooling it to room temperature to obtain a thermally 
expandable material. The thermally expandable material 
Was stamped out to a disk form having a diameter of 30 mm 
to form a test piece. 

[0163] The thickness of the resulting test piece during 
heating Was measured using a thickness measuring device 
shoWn in FIG. 4. In the device shoWn in FIG. 4, a test piece 
43 is placed on a bottom of a cylindrical furnace 42 having 
a diameter of 50 mm and a length of 200 mm, the test piece 
43 is irradiated With a laser beam 45 from a laser displace 
ment gauge 41 disposed above an upper opening of the 
cylindrical furnace 42, and the thickness of the test piece 43 
is measured from a re?ected light at that time. In FIG. 4, the 
reference numeral 44 indicates a thermocouple for measur 
ing the temperature in the furnace. Measurements Were 
made at a rate of temperature rise of 1° C./min at tempera 
tures ranging from room temperature to 125° C. 

Example 2A 

[0164] Atest piece Was prepared in the same manner as in 
Example 1A With the exception that 20 parts by Weight of 
the ethylene-vinyl acetate copolymer Was used. The bulk 
density of a foam before compression Was 80 kg/m3. The 
thickness of the test piece during heating Was measured in 
the same manner as in Example 1A. 

Example 3A 

[0165] Atest piece Was prepared in the same manner as in 
Example 1A With the exception that 50 parts by Weight of 
the ethylene-vinyl acetate copolymer Was used. The bulk 
density of a foam before compression Was 200 kg/m3. The 
thickness of the test piece during heating Was measured in 
the same manner as in Example 1A. 

Example 4A 

[0166] Atest piece Was prepared in the same manner as in 
Example 1A With the exception that 100 parts by Weight of 
the ethylene-vinyl acetate copolymer Was used. The bulk 
density of a foam before compression Was 210 kg/m3. The 
thickness of the test piece during heating Was measured in 
the same manner as in Example 1A. 

Example 5A 

[0167] Atest piece Was prepared in the same manner as in 
Example 1A With the exception that an ethylene-acrylic acid 
copolymer Which is also a crystalline thermoplastic resin (b) 
having oxygen in its molecule Was used in place of the 
ethylene-vinyl acetate copolymer in Example 2A. The bulk 
density of a foam before compression Was 90 kg/m3. The 
thickness of the test piece during heating Was measured in 
the same manner as in Example 1A. 

Example 6A 
[0168] Atest piece Was prepared in the same manner as in 
Example 1A With the exceptions that a nitrile rubber Which 










